Study Objectives: Manned spaceflights from Earth to Mars will likely become reality within the next decades. Humans will be exposed to prolonged isolation, confinement, and altered photoperiods under artificial atmospheric conditions, with potential adverse effects on sleep and performance. On Earth, polar environments serve as space analogs to study human adaptation; yet, few studies include polysomnography due to operational constraints.
Studying human sleep in long-term exposure to isolated, confined, and extreme environments (ICE) is now of increasing relevance. Ever so, since it is expected that with available technology, manned spaceflights from Earth to Mars will become reality within the next decades [1] [2] [3] . Along such journeys, crewmembers will be exposed not only to microgravity but also to altered photoperiods and prolonged periods of confinement under artificial atmospheric conditions. It is very likely that long-term exposure to such environments affects sleep, along with potential adverse consequences on mission success, physical, and mental health [3, 4] . Investigating effects on sleep physiology seems therefore critical in the prospect of future interplanetary travel.
Although not univocally, space-related sleep disturbances such as shorter sleep duration, decreased slow-wave sleep (SWS), shortened rapid eye movement sleep (REMS) and REMS latency, and increased wakefulness, sleep structure alterations (rapid eye movement/nonrapid eye movement [REM/NREM] sleep redistribution), circadian disruption, and decrements in neurobehavioral performance have been observed during Skylab missions [5, 6] , space shuttle missions [7, 8] , MIR missions [9] [10] [11] , and ISS missions [4] . Circadian disruptions in space crews are often attributed to photoperiodic alterations [4] as they are often confronted with rapid alternation of solar exposure in orbit (e.g. on average 16 sunrises and sunsets per orbit in the ISS), but also to indirect effects such as nonphotic Zeitgeber disruptions due to decreased physical activity [11] and shift work. The latter is, at least partially, often associated with reduced homeostatic sleep pressure [11] observed in space. Other factors affecting sleep in space include microgravity (space motion sickness, rostral fluid redistribution, lower back pain, etc.), environmental discomfort (noise, light, temperature, posture, confinement, etc.), psychological stressors (stress, anxiety, excitement, etc.), work demands (slam shifts), and side effects of using hypnotic medication [12] [13] [14] .
Despite high ecological validity, most of in-flight observations were performed on a limited amount of participants (one to five participants) and during limited stays in space (from a couple of days to a few months approximately) rendering inferences on long-term exposure difficult. Due to the high cost and effort along with limited time, complex equipment, and low manpower associated with experiments in space, researchers often rely on space analog missions [15] . A few places on Earth unite the necessary conditions that may serve as acceptable space analogs. Test locations include submarine, deserted, volcanic, and especially polar (Arctic and Antarctic) regions. Individuals embarking in journeys or stays in polar regions encounter extreme cold, loss of photoperiod, in some cases hypobaric hypoxia due to altitude, low humidity, deprived sensory stimulation ("white desert"), isolation, confinement, and life-threatening environmental hazards to name a few [16] . Since the onset of polar expeditions, reports from crewmembers all indicate sleep disturbances affecting both physical capacity and morale [17] . A condition often referred to as "the Big Eye" or polar insomnia pertains to a cluster of symptoms including sleep problems and its associated altered psychological state [18] . Palinkas and Suedfeld [16] and Pattyn et al. [19] reviewed that with respect to sleep, crewmembers often face difficulties initiating and maintaining sleep and show decreased REM and SWS. During winter-over missions, circadian phase delays, poor self-reported sleep quality, and increased sleep fragmentation are often observed. Similar symptomatology is present during the polar summer albeit less pronounced [19, 20] . Additional symptoms include impaired cognition and physical condition, fatigue, negative affect, interpersonal tension and conflict, and somatic symptomatology [16, 19, 20] .
Compared with sleep monitoring in space, terrestrial analogs offer the opportunity to test larger cohorts of participants over longer periods of time. Yet, few polysomnography (PSG) studies [19, [21] [22] [23] [24] [25] have been conducted in polar environments due to operational constraints, substantial financial and time investments and relative unpopularity among participants [19] . Consequently, evidence of altered sleep structure and respiratory function remains scarce and offers hardly generalizable data due to small samples, limited observation periods, and specific geographical and seasonal expedition characteristics.
The present study, granted by the European Space Agency (ESA), seeks to contribute to a better understanding of sleep in space by assessing objective sleep parameters, daytime sleepiness and fatigue, and psychomotor performance during a prolonged stay in an Antarctic space analog.
Methods

Participants
Thirteen members of the 14 all-male crew of a winter-over campaign at Concordia Station, Antarctica, aged between 20 and 55 years old participated in the experiment (M age = 34.54, SD age = 9.46; M BMI = 23.93, SD BMI = 2.28; three smokers). The participants consisted of French and Italian scientists (astronomers, glaciologists, meteorologist, and seismologist) and technical (electrician, mechanic, chef, and IT specialist) and medical support staff. None of the participants reported a history of significant medical conditions, including sleep disorders, and were found fit for winter-over service. Written informed consent was obtained prior to participation in the study. The study was approved by the Ethics committee of the Vrije Universiteit Brussel (Protocol MEPA112010; B.U.N.: 14320109830).
Field setting
The Concordia research facility (75°6 0 S, 123°20 0 E) is located at an altitude of 3233 m (equivalent to 3800 m corrected for atmospheric pressure) on the Antarctic plateau Dome C ( Figure 1A) . Concordia qualifies as an ICE terrestrial space analog. The station sits in the largest desert in the world (14 million km 2 ) and is also often referred to as "White Mars." Average atmospheric pressure is around 645 hPa with 36% lower oxygen levels than at sea level. Relative air humidity is often as low as .03%. Temperatures hardly rise above −25°C (−13°F) in summer and can fall below −80°C (−112°F) in winter, making venturing outside comparable to extravehicular activities in space. The base ( Figure 1B ) allows for a confined stay during the winter, with few crew members going outside and only for short duration technical or scientific duties. Living conditions within the station are comparable to European standards of living, with participants operating ongoing research projects and maintaining the base. Communications with outside operators is limited to short text messages via satellite, approximately once every 8 hr. Due to the confinement conditions, day-night cycles at the station are imposed by daily routines rather than daylight ( Figure 1C) , which is entirely absent for about 3 months during the polar winter. Over-winterers in the French-Italian Concordia base face comparable extreme conditions on Earth as crewmembers residing in space and are sometimes referred to as Hivernauts.
Procedure
Eligible candidates for winter-over service did first undergo a full medical and psychological profiling before departure and participated in an extensive training in site maintenance. Participants arrived during the preceding Antarctic early summer (December to January) and remained at the station for the Antarctic winter and subsequent summer, spending on average 13 months at Concordia. Upon arrival at the station, participants' acclimatization was monitored weekly through physical examination, mood questionnaires, pulsed oxygen saturation (SpO 2 ), and Lake Louise questionnaires. Sleep monitoring started between 2 and 3 months after arrival, long after the symptoms of acute mountain sickness had resolved, and after the time during which acclimatization should occur. During the winter-over, participants performed eight measurement cycles approximately every 6 weeks (two measurements per Antarctic season: cycles 1 and 2: Late Summer (LS) from January to March, cycles 3 and 4: Early Winter (EW) from late March to June, cycles 5 and 6: Late Winter (LW) from late June to late August, and cycles 7 and 8: Early Summer (ES) from September to November). Each of the cycles comprised an embedded 4 day program of several physiological measurements including all-night PSG. Participants had at least one habituation night to familiarize them with the equipment. Data were acquired and qualitycontrolled by a medical research doctor (E.M.D.-N.) appointed by the ESA to implement the program, working independently of the station medical doctor.
Material
Polysomnography
Participants were monitored using wireless PSG (BioRadio, Clevemed Inc., USA). PSG recordings included two electroencephalograms recorded from F4-M1 and F3-M2 sites, two electro-oculograms (EOG) from E1-M2 and E2-M2 sites, a single-derivation electrocardiogram (ECG; DII), and a chin electromyogram (EMG). Thoracic and abdominal respiration was measured through inductive plethysmography. Capillary oxygen saturation was monitored by photosensitive finger-oximetry. During data acquisition, data were continuously downloaded to a computer using company software (BioRadio, Clevemed Inc., USA), which allowed for online visual inspection. All PSG recordings were analyzed by trained technicians unaware of the aims of the study. Polysomnnographic parameters were defined according to the criteria of the American Academy of Sleep Medicine (AASM) [26] . Additionally, REM-slow-wave sleep latency (SWSLAT) was defined as the difference between the latency of the first REMS episode and the first SWS episode, as a proxy for altered ultradian rhythmicity. Positive values indicate the expected NREM/REM progression, negative values suggest an inversion of the first NREM/REM cycle with REMS appearing before SWS [20] .
Mental chronometry
Psychomotor vigilance was assessed by means of a simple software-based 5 min visual reaction time (RT) task [27, 28] . The procedure is similar to the psychomotor vigilance test [29] and the 3 min reaction self-test used in space missions. Participants hold a mouse device in their dominant hand and are required to respond to a visual stimulus (a 1 ms incrementing counter) presented randomly every 2, 4, 6, 8, or 10 s by clicking the mouse button corresponding to their hand dominance. A message is displayed after 500 ms to urge participants to respond. Failure to respond within 500 ms results in a lapse. The number of lapses are considered a measure of neurobehavioral stability. Psychomotor speed is reported as reaction speed (RS), which corresponds to the inverse of RTs times 1000 (RS = 1000/RT), first corrected for outliers (+/−2 standard deviations), and RTs < 100 ms (false starts). RTs between 200 and 400 ms are considered as reflecting the optimal response domain (ORD). Further outcome variable are the 10% fastest and slowest response speeds and the according interpercentile range (IPR; 10% slowest minus 10% fastest RSs). The IPR has shown to be particularly sensitive to sleep deprivation [30] .
Questionnaires
The Epworth Sleepiness Scale (ESS) [31] is the most widely used questionnaire intended to assess self-reported levels of daytime sleepiness. The participant is given eight different daily life situations for which he has to determine the probability of falling asleep on a 4-point Likert scale (e.g. watching television). High scores indicate higher sleep propensity for the given situation. Scores above 10 are generally interpreted as increased daytime sleepiness [31] .
The Fatigue Severity Scale (FSS) [32] is a self-report instrument used to assess levels of fatigue and its effect on daily functioning. It has been used in many studies investigating fatigue in several chronic conditions and in general population samples [33] . It is a 9-item 7-point Likert-type scale ranging from "complete disagree" (=1) to "completely agree" (=7). Scores are usually reported as "mean scores" (ranging from 1 to 7) obtained by dividing the total score (ranging from 7 to 63) by 9. The proposed cutoff point on mean scores ranges from 4 to 5 for clinically relevant fatigue intensity [33, 34] .
The Karolinska Sleepiness Scale (KSS) [35] is a 9-point category-rating scale used to assess situational sleepiness. Items range from "extremely alert" to "extremely sleepy, fighting sleep, an effort to stay wake."
Statistics
Time-dependent exposure effects were investigated by means of linear mixed models (LMM) with time as fixed effects and participants as random effects. Models were estimated by means of restricted maximum likelihood with a compound symmetry covariance structure. LMM approach data differ from repeated-measures ANOVAs in case of unbalanced designs (in this case 15 out of the 104 possible PSGs are missing at random; MAR). Instead of dropping a complete case if any cell is missing, only the specific time point missing is removed from the analysis. The remaining data are retained for model estimation and allow for specifying average time trends per individual. The stability of interindividual differences [36] was quantified by means of intraclass correlations (ICC), which were calculated as the between-participants variance divided by the sum of the between-and within-participants variances. ICC estimates were interpreted using published benchmark ranges [37] of "slight" (0.0-0.2), "fair" (0.2-0.4), "moderate" (0.4-0.6), "substantial" (0.6-0.8), and "almost perfect" (0.8-1.0). All polysomnographic, chronometric, and questionnaire variables showed significant interindividual variability (between-participant effects; all p's < .001) and were eligible for meaningful ICC calculations. Repeated-measures correlations [38] were performed in R 3.5. 
Results
Polysomnography
Compared with literature standards [39] , Hivernauts show sleep onset latencies (SOL) and respiratory parameters averaged over time and participants well outside normal ranges for middleaged adults (Table 1, Figures 2 and 3) . With respect to time in bed (TIB), total sleep time (TST), SOL, wake after sleep onset (WASO), and sleep efficiency (SE), crewmembers show a stable pattern over the course of the winter-over period (Figure 2 ), reflected by statistically nonsignificant effects of time (all p's > .05). Using literature standards [37] , the ICCs reflecting the stability of the interindividual variability over time vary between "slight" for SOL (ICC SOL = .176), wake duration after sleep onset (ICC WASO = .199), and sleep efficiency (ICC SE = .123) and "fair" for time in bed (ICC TIB = .301) and total sleep time (ICC TST = .256). Sleep stage durations (N1, N2, REM, and SWS) and latencies (rapid eye movement sleep latency [REMLAT], SWSLAT, and REM-SWSLAT) also remain stable during the winter-over period (all p's > .05). Interindividual variability is only "slightly" stable for SWS duration (ICC SWS = .001) and SWS latency (ICC SWSLAT = .186), and "fairly" stable for N1, N2, and REM durations (respectively, ICC N1 = .344; ICC N2 = .248 and ICC REM = .292), REM sleep latency (ICC REMLAT = .237), and REM-SWS latencies (ICC REM-SWSLAT = .286). Sleep fragmentation remains steady over time [ Figure 3 ; F (7, 60 Figure 3 ; F(7,61.7) = 4.037, p < .001]. Post hoc comparisons revealed a significant increase in obstructive apneas during the two last measurement cycles compared with the previous measurements (all p's < .001 for CY6 vs. habituation and CY1 to CY5 and all p's < .05 for CY7 vs. habituation and CY1 to CY5). There was no statistical difference between the two last measurement cycles (∆ OAI = 9.06 events/ hr, p = .183). With respect to interindividual variability, apneahypopnea and central apnea indices show "substantial" stability over time (respectively, ICC AHI = .730 and ICC CAI = .780). However, we observe only "fairly" stable interindividual differences for obstructive, mixed, and hypopneic events per hour (ICC OAI = .265, ICC MAI = .366, and ICC HI = .235).
Mental chronometry
Overall, mental chronometry parameters remain stable (Figure 4 ) during the course of the campaign (all p's > .05). Interindividual variability is "moderately" stable for average response speeds (ICC MeanRS = .553), "fairly" stable for lapses (ICC lapses = .253), for RTs within the ORD (ICC ORD = .235), and for the upper and lower 10% response speeds (ICC FRS = .304 and ICC SRS = .311). Interinidividual variability in IPRs is only "slightly" stable (ICC IR = .054).
Self-reported sleepiness and fatigue
Sleep propensity and fatigue severity remain stable across measurement cycles ( Figure 5 ; all p's > .05) and show "fair" to "moderate" stability with respect to interindividual variability (ICC ESS = .213 and ICC FSS = .581). Situational sleepiness remains steady during winter-over [ Figure 5B ; F(6,60.5) = 1.545, p = .179].
Over time, interindividual variability in situational sleepiness is "moderately" stable (ICC KSS = .463) in crewmembers.
Sleep/wake schedules
Six out of the 13 Hivernauts were required to maintain strict sleep/ wake schedules due to operational constraints, whereas the remainder of the crew could adhere to their preferred bedtimes ( Figure 6 ). Figure 6 , A and B displays the average bedtimes per cycle according to different work regimes. Crewmembers with imposed sleep/wake schedules went significantly earlier to bed and rose earlier than participants with variable schedules, especially during the polar winter season, as evidenced by a significant interaction between time and work regime [respectively, F(6,61.5) = 2.829, p < .05 and F(6,61.5) = 3.330, p < .01]. Self-reported SOL are shorter for crewmembers with variable sleep/wake schedules [ Figure 6C; F(1,10.7 speed ( Figure 6D) 
Discussion
Overall, our results indicate that humans exposed during an extended period of time to extreme photoperiods at high altitude in an isolated and confined environment mainly present with increased sleep latencies and severe periodic breathing. Aside from an increase in obstructive respiratory events towards the end of the overwintering campaign, all sleep, sleepiness, and psychomotor performance variables remain stable over the course of the expedition. Individual differences in respiratory variables show the highest degree of stability and robustness over time (>60% of explained variance), followed by fatigue and situational sleepiness measures, sleep fragmentation, and psychomotor speed parameters (between 40% and 60% explained variance), suggesting moderate to substantial trait-like characteristics in these variables. Compared with the literature [39] , respiratory and sleep onset parameters fall well outside normal range values for healthy sleepers of similar age. Regarding respiratory variables, Hivernauts present with more than one apneic-hypopneic event per minute of sleep. We observe a dramatic elevation of central apneas but also of obstructive events, albeit to a lesser extent. Nocturnal breathing patterns of Hivernauts show an oscillatory behavior with alternating cycles of hyperventilation, followed by central apneas or hypopneas, as commonly observed in healthy individuals exposed to altitudes near 4000 m [40] , with symptoms already appearing as low as 2500 m [41] [42] [43] [44] [45] [46] , and referred to as periodic breathing. These events are significantly associated with increased sleep fragmentation (r rm = .579, p < .001) and their frequency remains stable throughout the campaign, suggesting that Hivernauts fail to acclimatize to longterm hypobaric exposure [47] . Obstructive sleep apnea indices, however, tend to rise towards the end of the campaign. In Concordia, crewmembers presented with frequent complaints of dry nose, nasal obstruction, and/or sore throat, implying local oronasal and pharyngeal mucosa inflammation due to the chronic exposure to extreme dry air (relative humidity generally <1%). Inflamed upper airways (UA) are indeed more prone to induce pharyngeal collapse and consequently increase the occurrence of OSA [48] , even in otherwise healthy individuals. In addition, hypobaric environments at high altitude may also contribute to increased UA collapsibility [49, 50] . At last, central apneas, as allegedly induced here by chemoreceptor-driven modified ventilatory control related to hypoxic conditions, may also secondarily lead to increased obstructive events or severity in terms of duration via inadequate capneic response [47, 51] . During near-Earth orbital missions or deep space missions, gas mixture in the spacecraft or in spacesuits during extravehicular activities also differs from breathable air at sea level (i.e. 14.7 psi P B ; 21% O 2 ). In 2005, the Exploration Atmosphere Working Group (EAWG) at NASA formulated recommendations regarding the atmosphere composition during different activities and locations ranging from launch and transport in the ISS to longduration lunar and Mars habitats. An 8 psi P B /32% O 2 environment was selected as consensus as it is considered to be only a mildly hypoxic environment with acceptable flammability risk and low O 2 prebreath overhead which maintains an acceptable risk of decompression sickness [52] . However, due to a miscalculation, the equivalent air altitude of the proposed 8/32 atmosphere corresponds to higher altitudes than initially proposed by the EAWG, i.e. from 1830 to 2896 m [53] . Consequently, the proposed atmospheric environment could induce nocturnal breathing patterns as observed in Hivernauts here. Since polysomnographic research during space flights unfortunately often lacks nocturnal respiratory monitoring, it is still unknown if and to what extent sleep-disordered breathing accounts for the reported sleep disturbances in space. In the light of the present results, however, we may reasonably expect that long-term exposure to engineered hypoxic atmospheric environments will affect sleep-related breathing.
A possible explanation for the increase in SOL in Hivernauts may be the effect of exposure to altered photoperiods. A circadian free-run can be expected in humans subjected to prolonged periods of absence of clear 24 hr day-night alterations at higher latitudes, considering bright light as the only principal circadian Zeitgeber [54, 55] . With respect to PSG variables, free-running individuals would present with delayed bedtimes but with normal sleep architecture if sleep occurs at the participant's preferred bedtime [56] . However, when individuals would adhere to strict wake/sleep schedules in a similar context, disruptions in sleep architecture could appear. In Concordia, 6 out of 13 Hivernauts were required to hold more regular bedtimes due to daily operational constraints such as maintaining the base or preparing meals. The seven remaining crewmembers were allowed to adapt sleep and wake schedules according to their own preference. Our results show that in these participants, bedtimes indeed tended to occur later, and especially in periods of constant darkness during the polar winter, in line with previous reports on phase delays in Antarctica [57] . Participants having to adhere a more stable rest-activity schedule, however, presented with significantly longer self-reported sleep latencies, despite showing similar PSG-derived sleep onset durations akin to nonentrained or phase-delayed individuals with sleep onset insomnia [58] . Taken together, these results suggest that most Hivernauts present with altered circadian rhythmicity as a consequence of prolonged exposure to extreme photoperiods. Whether they develop self-reported sleep difficulties, however, seems to depend on the possibility to respond to photic Zeitgebers on a voluntary basis by delaying bedtimes. It could be argued then that self-selected sleep patterns may provide a buffer against performance decrements as individuals can adapt bedtimes according to their preferences. However, the opposite was observed. Crewmembers with variable work regimes show a gradual decrease in psychomotor speed and an increase in self-reported fatigue over time. It is therefore conceivable that maintaining a regular sleep/wake schedule, and essentially waking up at the same time, may serve as a sufficiently potent nonphotic Zeitgeber to counteract the effect of exposure to extreme photoperiods. Recent studies [59] indeed suggest that overt rest-activity rhythms may be generated as well by circadian oscillators outside the lightdark cycle-entrained suprachiasmatic nuclei (SCN), possibly via the integrative action of the dorsomedial hypothalamus (DMH) which amalgamates clock information from the SCN and subparaventricular zone (SPZ) with feeding, temperature, social, and other (peripheral) cues, providing the flexibility to adapt behavioral and physiological cycles to changing environments [60] . The combination of strong nonphotic and lower-intensity photic Zeitgebers [61] might help synchronize the body clock to a 24 hr rest-activity cycle, and as such prevent performance decrements due to circadian misalignment in space.
Perhaps even more important in this study, is the observation that human sleep patterns present with a fairly high degree of stability considering the extreme environment and changing photoperiodic conditions in Concordia. A number of studies have now investigated systematic interindividual differences in PSG-derived sleep parameters [62] [63] [64] [65] [66] [67] [68] [69] [70] , but to the best of our knowledge, none has been performed in humans in prolonged exposure to ICE in an equally large number of participants. The stability of interindividual differences implies that the variability between individuals exceeds the variability within individuals. Traits can be inferred by demonstrating stability in interindividual differences when repeatedly assessed and robustness when submitted to an experimental manipulation (e.g. sleep deprivation [65] ) or an environmental challenge such as in the present study. Out of the 18 analyzed sleep variables, 12 exhibit at least fairly stable and robust interindividual differences. Respiratory variables (AHI andCAI), aside from being severely disturbed, account for the largest and most stable and robust interindividual differences. Despite obvious disparities in study settings and design, our results are in line with earlier reports [65] [66] [67] [68] [69] [70] , suggesting that interindividual differences in PSG-derived sleep variables may constitute physiological traits. Most PSG sleep variables representing sleep and sleep stage duration (TIB, TST, N1, N2, and REM) are characterized by fairly stable and robust interindividual differences (between 20% and 40% explained variance), whereas in previous studies [65] , the same variables have found to be at least of moderate stability (between 40% and 60%). Regarding SWS, duration and latency parameters show little trait stability (<20%), whereas in healthy individuals subjected to total sleep deprivation and recovery [65] , trait stability in SWS was strong (>60%). We suspect that, in contrast to Tucker et al. [65] , the duration of exposure (approximately 14 months vs. 11 days) and nature of the external stressor (isolation and confinement, altered photoperiod and altitude vs. total sleep deprivation) might explain the discrepancies between our findings and theirs. In a carefully controlled situation, experimental manipulations of sleep drive by deprivation probably accurately reflect trait aspects of sleep homeostasis. In a more naturalistic environment, and especially as extreme as in polar expeditions, sleep and sleep homeostasis may be affected in a different number of ways, ranging from sleep timing preferences due to work requirements and physical activity to social discomfort and mood disturbances [16] . Nevertheless, it is quite striking that in the light of many possible situational stressors encountered by Hivernauts, individual trait-like characteristics in sleep architecture still do emerge.
Interindividual differences in sleep microstructure (ArI) on the other hand show to be moderately stable and robust over time. Surprisingly, studies investigating PSG-derived traits often do not report sleep fragmentation indices [62] [63] [64] [65] [66] . It is therefore difficult to assess if sleep fragmentation presents with traitlike characteristics in healthy participants, and how our results compare with previous findings. In Hivernauts, the apparent stability and robustness of sleep microstructure impairment are allegedly due to the presence of frequent respiratory-related arousals during sleep, and does probably not reflect traits in idiopathic sleep fragmentation. Trait variability is indeed strong for AHI and CAI, with ICCs suggesting "substantially stable" and robust interindividual differences. As developed in Tellez et al. [47] , altitude-induced periodic breathing during sleep does not reduce over time, suggesting that Hivernauts fail to acclimatize to hypobaric hypoxia, contrary to previously assumed [71] . As to why healthy individuals develop markedly different responses under hypobaric hypoxia conditions, it has been suggested before that physiological differences within the respiratory control loop might explain the existence of vulnerability to periodic breathing, at least to some extent [72] . Especially since we observed that participants exhibiting shorter cycles of periodic breathing also had fewer apneic/hypopneic events per hour [47] .
Conversely, during spaceflight, microgravity might play an important role in reducing sleep-related respiratory disturbances. Elliot et al. [73] showed that in five astronauts involved in the Neurolab and STS-95 missions, exposure to microgravity significantly reduced the frequency of apneichypopneic events during in-flight sleep. Changes in respiratory function were attributed to gravitationally induced changes in the anatomical structure of the UA rather than in lung volume, ventilatory chemosensitivity, or UA muscle control. It has to be noted, though, that the crew remained in normoxic conditions during their space sojourn. It remains therefore unclear if microgravity could offset the effects of exposure to extended periods of artificially altered atmospheric environments during deep space exploration in humans, knowing that sleeprelated respiratory variables tend to remain stable over time in hypobaric hypoxic conditions.
On average, Hivernauts showed impaired psychomotor speed, comparable to middle-aged patient populations with primary sleep disorders characterized by excessive daytime sleepiness (e.g. narcolepsy, insufficient sleep syndrome, and hypersomnia) [74] . During the STS-90 and STS-95 Skylab missions [4] , in-flight psychomotor performance of astronauts was also adversely affected, with an increase in lapsing and reduced psychomotor speed. However, it remains unclear if sleep loss, work load, circadian misalignment, sleeping in a hypobaric hyperoxic environment (5 psia P B /70% O 2 ), or other factors related to spaceflight were responsible for the reported performance decrements in Skylab missions. Here, we did find significant associations between response speed and WASO and SWS duration (r = −.522, p < .05 and r = −.560, p < .05, respectively) but only considering data averaged over time. We therefore suspect that besides sleep, other intrinsic and extrinsic factors including duration of exposure may play a role in situational performance alteration. Yet, trait-like characteristics independent of prior sleep are also observed in mental chronometry data, such as previously described in Van Dongen et al. [36, 75, 76] . Here, differences between individuals in psychomotor speed are moderately stable and robust over the course of the expedition, with more than half of the variance (55%) of response speed explained by differences between individuals. Attentional lapses, performance within the ORD, and upper and lower response speeds still achieve fair levels with interindividual differences explaining between 23% and 31% of the timedependent variance in the data. Consequently, aside from longterm exposure to altitude, extreme photoperiods, isolation, and confinement, stable person-specific characteristics may account for a considerable part of the performance decrements observed in Hivernauts. By extension, operational duties (e.g. monitoring tasks) involving rapid responses might consequently be compromised when attributed to individuals more at risk for loss of sustained attention.
With respect to self-reported sleepiness, around 46% of the variance in the data is explained by systematic individual differences. Considering the state-dependent nature of this measure, it is surprising to observe this level of stability and robustness over time. Yet, after controlling for prior sleep debt and repeated exposure to total sleep deprivation, Van Dongen and colleagues [36] found that around 87% to 90% of the variance in the effect to sleep loss could be attributed to traitlike interindividual variability in KSS scores. In our study, we would have expected this to be the case for the ESS, which is designed to capture more stable aspects of sleep propensity [77] , but person-specific differences in ESS scores account for only 21% of the variance. Fatigue severity, on the other hand, shows moderate levels of interindividual stability and robustness (58% of variance explained), more in line with the expected relative state-independent formulation of items of the FSS. Nevertheless, fatigue as measured by visual analog scales [36] shows also substantial degrees of interindividual stability, suggesting that trait-like characteristics might be expected for fatigue as well [78] . It is important to note, however, that in high-stakes environments, individuals may report acceptable sleepiness and fatigue levels, whereas their actual observed performance is significantly degraded [76, 79] regardless of person-specific vulnerability. Taken together, these results indicate that, in line with previous reports, sleepiness, attention, psychomotor speed, and neurobehavioral responses to sleep loss possess a certain degree of stability and robustness, thereby suggesting that trait-like individual differences are phenotypic and may ground on yet to disclose genetic factors (for a review see Ref. 80) . In general, a fundamental inquiry in trait aspects of sleep, sleepiness, and performance requires far-reaching experimental standardization, controlling environmental factors, clearance of residual homeostatic pressure, and repeated homeostatic challenges and recovery periods [36] . The lower magnitude of explained interindividual variance in sleep and performance parameters is therefore to be expected here by the specific demand characteristics of field investigations, including many confounders which increase state-dependent variance among participants. As such, our results underline even more the necessity of taking aspects of interindividual variability into account, as they might reflect the need for a more person-centered approach to countermeasures as opposed to one-size-fits-all solutions to operational problems. In conclusion, considering ICCs larger than 60% to be reliable indications of traits, our results only show this to be the case for respiratory parameters.
There are obvious limits in studying sleep in ICE. Field conditions and unpopularity with expeditioners often constraint most sleep monitoring to be performed using actigraphy rather than PSG. Sleep studies in Antarctica are therefore scarce, conducted on small samples, for limited periods of time and produce therefore hardly generalizable data [19] . Despite its limitations, this study offers one of the largest PSG datasets (n = 89) obtained in Antarctica and is the first to compare the effect of different work regimes on sleep and performance during an extended period of observation including all polar seasons. Due to operational constraints, a limited PSG setup had to be utilized instead of a standard montage, possibly reducing scoring accuracy. Yet, even single-channel EEG setups have shown to display strong and substantial agreement in sleep stage scoring [81] , leading us to believe that potential scoring inaccuracies are quite limited. In the same context, monitoring our crewmembers' sleep under normobaric normoxic conditions before the expedition was not feasible due to the tight schedule and labor intensity of the compulsory training phase. This implies that sleep disorders could not be formally excluded beforehand, and that baseline PSG data are absent. Nevertheless, all crewmembers went through a thorough medical screening, and all were considered healthy and fit for duty, reducing the plausibility of preexisting sleep-related conditions.
In conclusion, human sleep and performance are affected by prolonged exposure to extreme photoperiods and hypobaric hypoxia in isolation and confinement. Most of the affected sleep, vigilance, and performance parameters exhibit interindividual differences with at least moderate degrees of stability and robustness, implying that person-specific characteristics play a considerable role in how humans respond to extreme conditions. Hence, the present results emphasize the importance of predeparture performance and polysomnographic monitoring including respiratory function for the selection of candidates for terrestrial and extraterrestrial missions.
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